INTRODUCTION
Two-term infants were diagnosed with Kartagener Syndrome in the immediate neonatal period following presentation with unexplained respiratory distress and situs inversus. This allowed early initiation of physiotherapy and multidisciplinary care.
CASE 1
A 3.33 kg term male infant was born by cesarean section to a 34-year-old gravida 2 para 0 mother. Prenatal sonogram at 20 weeks gestation revealed situs inversus totalis. Other prenatal screens were unremarkable. Apgar scores were 8 and 9 at 1 and 5 minutes, respectively.
The infant was immediately noted to have tachypnea. Echocardiogram revealed dextrocardia, a right-sided aortic arch with mirror branching and moderate patent ductus arteriosus that subsequently closed. His work of breathing increased within hours, requiring oxygen therapy, followed by continuous positive airway pressure (CPAP) ventilation. Antibiotics were started. His white cell count was normal and blood cultures were negative. Chest radiograph confirmed dextrocardia and appeared consistent with retained fetal lung fluid.
He continued to have intermittent respiratory distress with an oxygen requirement and sounded nasally congested. Chest radiograph revealed infiltrates at the right middle and lower lobes, consistent with pneumonia. While completing a 7-day course of antibiotic therapy, he developed a new infiltrate or possible atelectasis of the left lower lobe. Antibiotic coverage was broadened and extended to 14 days. An upper gastrointestinal study and abdominal sonography confirmed situs inversus without malrotation, identified a spleen on the right, and excluded tracheoesophageal fistula. The radiographic changes resolved by day 10, but his unexplained oxygen dependence continued until day 17. Nasopharyngeal aspirate was negative for respiratory viruses, newborn metabolic screen was normal including a negative screen for cystic fibrosis (CF). A nasal ciliary biopsy was also performed.
Subsequent to discharge on day 18, ciliary biopsy was reported to be abnormal (Figure 1 ), suggesting primary ciliary dyskinesia (PCD). Chest physiotherapy was started, and multidisciplinary follow-up arranged. At 7 months age, he is progressing well with no further episodes of sino-pulmonary infection.
CASE 2
A 3.2 kg term female infant was born by cesarean section to a 19-year-old gravida 1 para 0 mother. Prenatal sonogram was notable for situs inversus totalis and absent right kidney. Amniocentesis revealed normal chromosomes with a negative 22q11 FISH. Prenatal echocardiography revealed dextrocardia with atrio-ventricular and ventriculo-arterial discordance, and a moderate membranous ventricular septal defect (VSD).
The perinatal course was uneventful. Apgars were 8 and 9 at 1 and 5 minutes, respectively. The infant was nondysmorphic, in mild respiratory distress, with considerable nasal congestion, and had an audible murmur with heart sounds most prominent on the right.
At several hours of age, she developed increased work of breathing, an oxygen requirement and profuse, thick nasal discharge. Chest radiograph revealed dextrocardia and left upper lobe opacity. A blood count was normal and blood and tracheal cultures were negative. Antibiotics were continued for 7 days. An upper gastrointestinal series and abdominal sonography confirmed situs inversus totalis without malrotation and absent right kidney. Echocardiography demonstrated dextrocardia with a physiologically corrected transposition and moderate VSD, minimal valvular pulmonary stenosis and mild systemic atrio-ventricular valve regurgitation without Ebstein malformation.
The patient required oxygen and nasal CPAP to maintain adequate oxygenation with frequent suctioning and chest physiotherapy. Serial chest radiographs revealed shifting atelectasis ( Figure 2 ). Electron microscopy of the nasal cilia demonstrated reduction in the number of outer and inner dynein arms, suggesting PCD (Figure 3) .
The patient required oxygen until postnatal day 12. Aggressive pulmonary toilet was continued until discharge on postnatal day 26. She received palivizumab prior to discharge, and had multidisciplinary follow-up.
DISCUSSION
PCD is a rare cause of respiratory distress in the newborn. Fewer than 30 cases of PCD diagnosed during the neonatal period have been reported. [1] [2] [3] [4] [5] [6] [7] [8] The first case of probable Kartagener Syndrome in a neonate was reported by Nichamin 1 in 1956, prior to the description of ciliary ultrastructure by electron microscopy. He described a 33-hour-old male infant with respiratory distress and persistent purulent nasal discharge, who had situs inversus and fluctuating atelectasis on serial radiographs. Electron microscopic confirmation of PCD in a neonate was first reported by Ramet et al. 3 Inheritance of PCD is usually autosomal recessive, although cases of X-linked and autosomal dominant inheritance have been described. It is genetically heterogeneous with an estimated incidence of 1 per 20,000 livebirths. 9, 10 Defective embryonal monocilia are thought to cause random lateralization of the viscera in these patients. 11 As a result, approximately half have 12 The majority have mirror image dextrocardia, although up to 12% may have complex congenital heart disease. Rare features include hydrocephalus, esophageal atresia with severe gastro-esophageal reflux, or biliary atresia. 13, 14 Infants with this disorder are at risk for chronic otitis media, rhinosinusitis, atypical asthma, pneumonia, and bronchiectasis. Cases tend to cluster around specialist centers suggesting that increased awareness leads to increased likelihood of diagnosis. 10 Cilia are present throughout most of the upper and lower respiratory tract, reproductive organs, and ependyma of the brain. 10 The axonemal skeleton of two central microtubules is attached by radial spokes to nine peripheral microtubule doublets (9+2 structure) comprised of an A-and B-subunit. There are several microtubule-associated proteins including nexin links that interconnect the outer doublets to each other, and the inner and outer dynein arms, containing adenosine triphosphatase, which are attached to the A-subunit.
The basic mechanism for ciliary motion involves attachment of the dynein arm of one A subunit to the dynein arm of the adjacent B subunit resulting in hydrolysis of ATP and sliding of the microtubules against each other. The cilia are orientated with regard to the two central microtubules and beat along the same plane of axis in a coordinated manner. This component of the mucociliary defense mechanism is important in clearing debris and microorganisms from the respiratory tract.
In a newborn with prolonged respiratory distress and oxygen dependence respiratory infections, CF or immunodeficiencies should be excluded. If PCD is suspected, ciliary beat frequency and ultrastructure should be assessed. 15 Nasal ciliary brushing or bronchial mucosa biopsy is obtained for electron microscopy studies. Findings consistent with PCD include absence or reduction in the outer dynein arms (the most common defect) or inner dynein arms, absent radial spokes, absence of the central pair of microtubules with transposition of the peripheral microtubule doublet to the center, complete ciliary aplasia, abnormal basal cell apparatus, or abnormally long cilia. In some, the ultrastructure may appear completely normal, but the cilia are unable to beat in a coordinated fashion due to a defect in orientation seen as nonparallel arrangement of the central tubules. 7 Secondary ciliary dyskinesia, which can occur as a result of infection or external pollutants, may exhibit microtubular defects, compound cilia and other nonspecific lesions that are local and reversible. 16 These changes may also be seen in about 5 to 10% of cilia in healthy subjects. As it is not always possible to distinguish primary from secondary ciliary abnormalities, cells should be cultured in a sequential monolayer/suspension system after biopsy to allow this differentiation. 17 The majority of patients with PCD have a normal lifespan with treatment. However, a substantial degree of morbidity occurs either due to recurrent otitis media or bronchiectasis. Although the classic triad of symptoms may not present in the newborn period, neonatologists should consider the diagnosis of Kartagener Syndrome or PCD in an infant with unexplained respiratory distress, recurrent episodes of atelectasis, or pneumonia, especially when situs inversus totalis is present.
